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Abstract
It is generally known that a man causes changes in the environment and thus many of these changes affect the relationship 
between man and his environment. Additionally, population increase and urban concentration directly contribute to pollution and 
degradation of the environment. Considering that building construction alone represents the largest segment of energy 
consumption in EU (over 40%), it is logical that it has aroused the interest of scientific and professional community in terms of 
finding new technologies for increasing building energy efficiency and applying renewable energy sources. Satisfaction of energy 
demand of a country depends not only on the available energy and economic resources, but also on economic-political and energy 
conditions in general environment.
© 2015 The Authors. Published by Elsevier Ltd.
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1. Introduction
There are many ideas for achieving environmental sustainability. In order to enhance environmental sustainability, 
a building must holistically balance and integrate all three principles- Sustainable Design, Economy of Resources, 
and Life Cycle. An important measure for achieving these objectives is formulating legislation which refers to both 
new and the existing buildings. The European “Energy Performance of Buildings Directive” (EPBD), which 
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European member states are to incorporate as the national law, represents an important step in this direction. The 
changes in RES market are very slow in Serbia. Rulebook on Building Energy Efficiency and Procedures and 
Conditions for Determining Building Energy Codes in Serbia was adopted in September 2012, but it did not directly 
promote on-site energy production and DE. Having in mind perennial economic crisis in the country, problem of 
saving and utilizing RES is very serious, primarily due to the lack of funds for investing into systems that would help 
solve this problem [1]. Unfortunately, as a result of bad examples, newly designed energy efficient buildings 
sometimes face prejudices and image problems in Serbia. Many people express distrust of real energy efficiency in 
use, quality of architecture, user comfort and cost effectiveness. Other people express concern about energy efficient 
buildings due to the lack of detailed information. Therefore, it is necessary to make all social categories understand 
the significance of improving building performance and thus the quality of life.
Basic research problem is global state of resources, energy consumption and disrupted children comfort in 
preschool facilities. First part of the research offers analyses and facts of the state of energy resources, and increased 
consumption of energy which indicates the necessity of revitalization. Second part deals with the methodological 
work on preschool building revitalization. Revitalization is considered and shaped as a process which is significant 
for building sustainability through phase analysis and determination.The final section of observation includes 
analyses of the principles that have already been demonstrated as advantageous revitalization measures which make 
significant contribution to the improvement of comfort, facility performance and energy saving. This can represent a 
guide for transforming the constructed preschool facilities in Serbia into green-environmental and sustainable 
facilities.
2. Energy consumption and upgrading the quality of the environment
Energy consumption in Europe is rising from year to year. The division of total energy consumption in buildings 
of housing and public sector in the EU countries is shown in Figure 1. Replacement of limited fossil fuels by 
renewable energies is proceeding slowly.  As a result, the reduction of CO2 emission is proceeding slowly as well. 
Due to the fact that a building, as the largest energy consumer, has significant energy and environmental impact, 
energy efficiency, sustainable construction and the possibility of using renewable energy sources have become 
priorities of modern construction and energy. Kyoto protocol, as one of the main drivers of change, has been 
designed to satisfy the need for change which aims at reducing emissions of carbon dioxide and other gases. 
Signatory countries committed to reduce harmful gas emissions by 5% by 2012 [2]. 
Fig. 1. Energy consumption in buildings of housing sector (left) and energy consumption in buildings of public sector (right) in the EU 
(Mikulic, 2010)
Scientists, politicians and general public have accepted climate change and decided to adopt measures which aim 
at preserving resources, energy and water. Satisfaction of energy demand of a country depends not only on the 
available energy and economic resources, but also on economic-political and energy conditions in general 
environment.
On average, electricity consumption in Serbia increases by 4% per year. For instance, average energy 
consumption per capita was 3.922kWh in 2005. Compared to Germany and its average electricity consumption in the 
housing sector in this year, which amounts 1.719kWh, the above stated figure is 2.3 times higher. On the other hand, 
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current Serbian energy import is 43%. With the tendency of further increase, oil import could reach 4.7 million tons 
by 2020. Additionally, the existing energy sector annually discharges up to 44 million tons of carbon dioxide and 
300,000 tons of sulfur dioxide into the atmosphere [3].
In order to stimulate the use of RSE in Serbia, the government should change its attitude towards this type of 
energy, particularly in the following areas: simplifying administration, raising awareness among the population, 
motivating investors and creating suitable mechanisms for funding projects which deal with this important issue-
RSE. Moreover, there are some government supported initiatives, both in commercial and residential sector, which 
have promoted higher energy efficiency standard. Serbian preschool buildings can consume up to 35% more energy 
than necessary. Kindergartens and schools account for 11% of the total energy used by institutional/commercial 
sector and are the second largest energy consumers in this sector. Research has shown that more than half of 
preschool buildings in Serbia are in urgent need of energy efficiency improvements, as they are wasting expensive 
energy (approximately 2500 nurseries and kindergartens).
The above stated reasons are sufficient for the initiative at EU level and adoption of Directive on the Energy 
Performance of Buildings (2002/91/EC). The main goal is to establish a unique and permanent mechanism for 
improving energy properties of residential and public buildings at EU level, taking into account climatic and local 
differences of individual countries.
The most important requirements of Directive on the Energy Performance of Buildings (2002/91/EC) are: 
x Establishment and revision of energy efficiency standards and their application, all based on common 
methodologies for new and existing buildings; 
x Certification of buildings (the availability of certificates in construction, sale or rent; the availability of 
certificates for all public building areas >1000 m2); 
x Regular inspections and evaluation systems for heating, ventilation and air conditioning. 
x Energy review of new or the existing building is necessary for the issue of energy certificate. Methodology of 
energy review offers a proper way of obtaining the necessary information and procedures for activities which are 
to be implemented.  
For some time, the primary concern has been focused on energy efficiency, because it is relatively easy to 
determine the cost of energy saving measure implementation and payback period on the investment [4].
3. Reconstruction in terms of controlling energy consumption
Revitalization certainly marks the comeback of active life of the facilities, which have, completely or partially, 
lost their purpose, usability, function and physical characteristics. "Renewal and revitalization of constructed 
facilities, as one of strategic approaches and instruments of modern building construction, is based on evaluation and 
estimation of real construction quality and modelling of the process which will lead to realization of optimal 
solutions for improvement of building performances and their positive influence onto human existence and 
environment” [5]. The difference between real quality- condition of the facility and requested quality, or the quality 
that suits modern demands of accommodation in preschool facilities and current engineering regulative and standards 
indicates the manner, scope and type of renewal interventions.  
Cities experiencing budgetary difficulties cannot always participate in loan schemes, or they participate only to 
some extent. They are not able to reduce the backlog of investment that has been built up recently. For this reason, 
the governments of EU states have cooperated with local authorities and provided capital grants to support energy-
efficient refurbishment of social infrastructure, especially in municipalities experiencing budgetary difficulties.
In 2008, the Federal Government of Germany provided funding (200 - 600 million euros total) for energetic 
refurbishment of about 600 schools or 1,200 kindergartens. The investment pact in 2009 increased to 900 million 
euros in local communities, and the funds were allocated over a period of five years. On the other hand, schools in 
California spend $700 million a year and nearly three percent of their total budget on energy. A provision which 
encourages all new schools to be even more efficient than Energy Commission's energy efficiency building standards 
is included in the legislation. 
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One way to launch more extensive revitalization of preschool facilities, in terms of sustainable development, is 
initiating projects that would first define methodological approach and general principles, and then offer concrete 
actions for implementing building reconstruction, taking into consideration the possibility of switching to renewable 
energy sources and choosing the most rational form of application. There are numerous strategies which have been 
elaborated around the world. 
The opportunities for energy efficiency in the existing building may vary, depending on:
x Climate-zone where the building is located, 
x Age of the building and the type of construction; and 
x Requirements and incentives involved. 
Reasons for reconstruction:
x The building’s conditions are technical reasons for reconstruction. There are overheat energy losses trough the 
walls, the windows, doors and roof of the school or kindergarten building; 
x Socio-economics reasons for reconstruction refer to the increased energy consumption in the building and 
unsatisfactory conditions in kindergartens.  
The basic purpose of the reconstruction: 
x Improving energy efficiency;
x Reducing energy consumption by reducing building heat loss; and 
x Reducing energy expenses in the budget.
The primary goal of the reconstruction is increasing energy efficiency, reducing energy charges and energy 
consumption.
The plan of the reconstruction includes: 
x Replacing the windows; 
x Replacing the front doors; 
x Installing heat reflecting barriers; and 
x Installing radiator temperature regulators. 
Expected results are: 
x Increased thermal resistance of the windows; 
x Decrease of window heat loss factor, 
x Increased thermal resistance of the front doors;
x Decrease of heat loss factor of the front doors;
x Decrease of energy consumption for heating and hot water; and
x Improved children’s comfort in school or kindergarten [6].
Reconstruction recommendations could be of service for implementing energy efficiency reconstructions in 
public, industry or private buildings. This would ensure energy efficiency, energy conservation and acceptable 
payback time of the reconstructions.
4. Solutions
4.1. Long-Term Activities
There are many long-term solutions that could assist in saving energy and reducing facilities or kindergartens’ 
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operational costs. Investment in insulating products can be returned through energy saving in a short period of time. 
Increase of resistance value of the insulation results in increasing insulating power and reducing heat loss.
It is worthwile to know that “a square meter of a south oriented roof collector is three times more effective than 
that of an east facade collector and 50% more effective than that of south facade collector” [1]. This fact defines 
future course of action in the field of application solar systems.
Solar power via photovoltaic cells is another option which enables kindergartens to produce all the energy they 
need from the sun and eliminates dependency on municipal sources. Moreover, solar power can be saved for future 
use. Geothermal system transfers the earth’s heat, which, at this level, remains at a fairly constant temperature, 
through underground-installed piping, into a building. In winter, the piping draws warmth from the earth. A water-
based solution circulating through the pipes carries warmth to the heat pump. The pump then circulates heat into the 
rest of the building through air ducts. In summer, the process is reversed. Hot air inside kindergarten building is 
drawn back into outside ground piping. The system can use a part of interior heat to provide hot water in the summer.
Planting deciduous varieties of trees, such as oak or maple, in southern and western areas can help keep buildings 
cool in summer, as well as allow the sun to penetrate the windows in winter. When trees mature, tree shade can save 
up to 40 percent of summer cooling costs.
4.2. Short-Term Activities
There are numerous short-term activities which can reduce our demand for electricity, help us use energy more 
efficiently, and produce energy savings. Day lighting has a major impact on building’s functionality and occupant 
effectiveness and productivity, not only in terms of energy costs associated with illumination and space conditioning, 
but also in terms of enhancing building’s comfort and ambiance. The technique of Day lighting, which implies using 
natural light instead of electricity, can reduce daily consumption by 100 percent. In addition, children taught in 
classrooms illuminated by natural light show significant progress in subjects, with scores 7 to 16 percent higher than 
those in classrooms with poor natural light [7]. Installing a programmable thermostat allows the users to set (reduce) 
temperature and use the unit only on specific occasion, thus achieving cost savings by using energy only when 
necessary. Excess leakage in windows and doors can increase heating and cooling bills by 30 percent and reduce fire 
safety. Caulking and weather-stripping, along with other products, including plastic window-well covers, can make 
significant energy savings difference.
Higher degree of thermal protection is needed to reduce heating costs and increase thermal comfort through the 
use of the facility at all times. This implies a certain increase in investment during construction or reconstruction. 
Numerous additional analyses on improving thermal protection investment costs prove economic justification for the 
investment. Aside from permanent reduction of heating costs, higher level of thermal protection implies pleasant 
climate within facility area, healthier and longer life of the building.
Good thermal insulation of external walls is only one of the measures for increasing energy efficiency in buildings 
and it represents basis of modern energy management and environmental protection. If estimated heat loss of 
external wall without insulation is compared to estimated heat loss of a wall with thermal insulation, one may 
conclude that insulation of external wall reduces heat losses by 50-80% [8]. Experience in improving thermal 
characteristics and performance measurement of energy savings in reconstructed public buildings, especially in 
schools and kindergartens, is not at a satisfactory level in Serbia. Experience of countries in the region may be of 
significant assistance. In Croatia, for instance, modern energy efficiency measures are successfully applied on 
kindergarten premises. After reconstruction and establishment of a system for measuring heat transmission through 
walls, thermo-graphic recordings clearly indicate the validity of the chosen solution: 
x Children’s comfort and quality of nursery and kindergarten area are significantly improved; 
x Savings in energy consumption are significant, but still considered to be less than their real potential; 
x Change of users’ habits is necessary for increasing energy savings.
As part of building energy review, infrared thermo-graphic can be a useful tool for quick and accurate problem 
diagnosing. It detects problems and abnormalities that cannot be detected during visual control, and helps avoiding 
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big and costly repairs. Thermo-graphic measurements can be part of preventive maintenance and subsequent control 
of the work done. The ability of remote recording of the total facility area temperature offers great advantages over 
conventional analysis of parts of the building's external walls.
5. Methodologyy of revitalization process and its principles
Revitalization can be construed as a process composed of phases and activities, i.e. mutually connected operations 
that happen in established order within certain time interval. Rough and approximate display of the stage, through 
which revitalization, as planned process of improvement of conditions in preschool facilities, is realized, implies the 
following:
x Research and recording of conditions in preschool facility in terms of testing its organization and functioning; 
research and recording of conditions in macro-surrounding and preschool facility (value and significance, 
condition, architectural integrity and nature of the facility) – observing, measuring, sampling, noting and 
documenting, interviewing, etc.; analysis of the surroundings in which revitalization project is implemented;
x Analysis of researched condition, including analysis of obtained research results, tested indicators, measurements, 
calculations, etc.;
x Estimation of the state of the facility, as well as estimation of environment factor which can represent risk/threat 
or advantage;
x Synthesis of findings and determining revitalization field;
x Implementation of solutions into individual projects;
x Creation and development of project revitalization;
x Project realization.
Law on Planning and Construction of the Republic of Serbia (Belgrade, 2009) states that “if the construction work 
on the restoration of buildings does not affect the stability and safety of the facility, does not involve the replacement 
of structural elements, the alteration of the exterior elevation, and does not affect the safety of adjoining facilities”, 
i.e. “if the work can be classified under renovation, repair or investment maintenance, such works do not require 
planning permission.” The above stated makes the procedure easier and shorter, thus additionally reducing the cost of 
the entire process [9].
Parameters significant for revitalization of the facilities and their optimization are the factors that have influence 
on energy consumption and thermal behavior of the facilities:
x Climate of macro-surroundings (sun, wind, humidity, temperature);
x Position of the facility within the location and its orientation; 
x Facility’s mantle (geometry, insulation, windows, infiltration, ventilation, shadow, thermal mass, dye); 
x Internal partitions (thermal mass, dye);
x Surface area;
x Purpose, capacity and regime of staying in the facility; 
x Lighting (artificial and natural), as well as lighting regime; 
x Indoor heating (lighting, equipment, machines, installations and people); 
x Systems for heating, cooling, ventilation, air-conditioning (characteristics and work regime); 
x Cost of energy. 
The above-mentioned elements are defined and valued by physical values (sizes). In one stage, revitalization 
process development implies the use of complex dynamic models of facility elements behavioral simulation, as well 
as system operations. In order to determine measures for accomplishing energy savings, it is necessary to apply 
energy-calculating simulations. The presence of complex database is necessary for the creation of simulation models. 
There are numerous programs for facility energy simulation which enable monitoring of simulation course of facility 
dynamic behavior and system model. 
Principles which need to be considered and integrated into revitalization process are:
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x Improvement of inner surrounding conditions is possible providing that façade shading is used properly, 
vegetation is grown near the facility, water surface is present, etc. Lowering the temperature in the area 
surrounding preschool facility reduces the amount of solar radiation that penetrates facility’s mantle, which 
directly reduces the need for cooling. Such control of facility’s macro surrounding during summer period 
regulates conditions and comfort in inner surrounding of preschool facility.
x Redesign of facility’s envelope has multiple implications and long-lasting influence on social, urban and natural 
existence of the settlement [5]. If estimated heat loss of external wall without insulation is compared to estimated 
heat loss of a wall with thermal insulation, one may conclude that increased insulation of external wall reduces 
heat losses by 50-80% [8]. Envelope treatment of the facility is directly related to the typology of the building 
which is the subject of revival. There are sensitive and delicate fields in the facility, the improvement and 
advancement of which need to be considered in detail. As for preschool facilities, the accent is on determining the 
type and thickness of thermal insulation layer, as well as on defining the type of façade finishes, its shades and 
composition, which is not the case with facilities which have historical construction heritage. Technologies for 
dynamic control of outer layer elements of the building are: motorized curtains or shading elements, actively 
controlled blinds, electro-chromatic glazing of dynamically changeable radiation permeability, glazing with 
dispersed liquid crystals and changeable electro voltage, glazing with changeable coefficient of heat penetration, 
windows with controlled natural ventilation [10]. The use of insulation and advanced materials, greening the 
roofs and façades increase heat efficiency of the building and, combined with the use of natural ventilation 
techniques, reduce energy system consumption for air-conditioning, heating and cooling. 
x Enhancing the existing energy systems with the aim of reducing specific energy requirements for heating (i.e. 
installation of module for reversible use of heat), cooling (use of platform fans, application of night ventilation, 
strategy of exposing thermal mass), ventilation (demand-controlled ventilation) and artificial lighting sectors 
(highly efficient lamps and lighting devices, lighting focused on specific areas- task lighting, compensation for 
natural light, etc.)
x Improving control strategies implies using Building Energy Management Systems or integral control with the aim 
of optimizing performances of various innovative systems and adjusting their work to facility’s requirements. 
Control strategies take into consideration both passive and active/working characteristics of the facility.
x From eco perspective, an important strategy implies reducing water consumption, reusing wastewater or finding 
alternative ways for water supply. An appropriate and inexpensive way to do this is to reuse rainwater. Waste 
water management is adequate measure which implies “catch and reuse” principle. Technical water obtained in 
this manner can be used for irrigation of plants that surround preschool buildings and for promoting better layout 
of the entire landscape. Gathering features such as scuppers, weirs, water wheels, runnels, etc. should be clearly 
visible and distinctive in order to bring water in learning environment and thus promote green thinking from early 
age. Collecting, storing and reusing rainwater requires installation of an additional plumbing system and
connecting with irrigation system. Additionally, creation of green roofs represents exceptional eco strategy, as 
there is no better and more beautiful way to improve thermal efficiency of buildings. This will improve and 
facilitate air conditioning system operation and rainwater treatment.
As for preschool facilities, in order to achieve truly successful holistic project, the following design objectives 
must be treated:
x Building elements, heights and clearances implemented to address the specific needs of disabled children;
x Physical appearance and image of building elements and spaces, as well as integrated design process;
x Selecting building elements on the basis of life-cycle costs (weighing options during concepts, design 
development, and value engineering), as well as basic cost estimation and budget control;
x Functional programming - spatial needs and requirements, system performance as well as durability and 
efficient maintenance of building elements;
x Specific actions within the existing buildings, whereby building elements and strategies are classified as one of 
the following approaches: preservation, rehabilitation, or reconstruction.
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x Children's well-being, i.e. physical and psychological comfort, including building elements such as air 
distribution, lighting, living spaces, systems, and technology;
x Environmental performance of building elements and strategies [7]. 
6. Goals of  revitalization process
Basic goals that need to be considered and coordinated (guided) during revitalization process are illustrated in 
Figure 2.2 adapted according to D. Prowler, (FAIA, Whole Building Design): functionality (spatial needs and 
requirements, system performances, as well as endurance and efficient maintenance of facility’s elements); the 
aesthetics of preschool facilities has significant influence on mental and physical condition of children and their 
active and passive stay, study, work, comfort and productivity (spatial, air, visual, acoustic, air conditioning comfort 
for children and personnel, effective usage of technology tools, reliability of equipment and technical systems), 
accessibility for the disabled, economic viability - (choice of facility’s elements or components, based on life-cycle 
costs (LCC, Life-Cycle-Costing)), sustainability (performances of construction elements and strategies that take into 
account influence onto the environment), protection and safety (physical protection of children, personnel and goods 
against natural hazards and hazards caused by men).
Fig. 2. Guidance, harmonizing and control of designing goals/facility revitalization
7. General proposals for Serbia
Quality characteristics of designed internal and external surrounding of physical structure, equipment and 
furniture will largely influence children’s daily planned activities [11]. Preschool children and their delicate physical 
constitution and psycho-physical development during growing-up represent a specific and extremely sensitive 
category. Therefore, the causal relations of architectonic design-ambience quality factors in the preschool facilities 
are an important starting point in defining physical environment where children stay, which is significant for healthy 
development of children [12].
The potentials and characteristics of total preschool premises area, which define the quality of children’s 
development, partly refer to architectural construction, i.e. the quality of organization and materialization of 
constructed and built preschool premises. As for the influence of the designed premises and the physical 
environment, even earlier research in this field has indicated that the designed physical environment in preschool 
facilities also affects children development. Therefore, the quality of preschool education is partly related to the 
quality of architectonic design, organization and materialization of designed physical environment of preschool 
premises. 
Indoor environmental quality in preschool buildings is very important. However, the studies in this area are very 
limited. The effects of preschool facility indoor environmental quality on children performance have been 
demonstrated repeatedly through various scientific studies. Studies have showed that test scores tend to be higher in 
classrooms with day lighting, while good air quality in preschool facilities is associated with improved attendance 
and reduced health problems, confirming that children’s performance is affected by the environment they are taught 
in [4]. Investigations conducted by health, social, pedagogic and psychological researchers, as well as architectural 
professions helped define the comfort zone of children who occupy preschool facilities.
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8. Transformation of façade envelopes and roofs
Over one half of school and kindergarten buildings in Serbia are in critical condition and in desperate need of 
energy efficiency improvements (around 3500 schools, approximately 2500 nurseries and kindergartens). 
Additionally, if observed in terms of age, 55 percent of kindergartens are more than 30 years old. Most of them need 
to be modernized and upgraded to minimum basic standards. This especially refers to kindergartens built in the 
1970s and 1980s, which are wasting expensive energy [13]. Estimation of the requirements and conditions which 
refer to architectural constructions for children education and upbringing built from 1950 to 2010 in Southeast Serbia 
is of key importance for defining sustainability potentials of preschool facilities in Serbia. Research, analysis and 
critical evaluation of preschool facilities in southeast region, i.e. their characteristics, are based on analysis and 
investigation of real state of affairs, facility examination and study of available project-engineering documentation 
and relevant photographs. 
Opportunities for energy efficiency in the existing buildings are numerous and they depend on:
x Climate-zone where the building is located, 
x Age of the building and the type of construction; and 
x Requirements and incentives involved. 
The following causes for energy loss are identified in preschool buildings:
x Dimensional complexity arising from the organization and children room grouping,  
x Over-sized glass surfaces on children group room façades, 
x Uninsulated columns and beams (thermal bridges), and the lack of insulation in floors on ground [14],
x Large losses in transition through the heating systems- through devastated and inadequately isolated duct,
x Factor of heat loss through the windows and doors,
x A lot of heat deficiency- inappropriate external thermal insulation, 
x Lack of radiator valves which regulate consumption in accordance with the temperature, 
x Inadequate electrical appliances, especially lighting installations that are not energy efficient and consume more 
energy than necessary. [15]
x Low price does not contribute to the motivation for less consumption, 
x Awareness of energy as a valuable resource that should be spent rationally.
Comparison of research results with the results obtained from examination of similar, relevant researches in 
European countries, aims at estimating and critically perceiving the current state in domestic construction practice, as 
well as recording feasibility of principles and techniques which are applicable to preschool facilities around Serbia. 
Possible ways and scope of renewal, which aims at improving quality, have been determined based on analysis. In 
terms of their obsolescence and intensive use which they are exposed to, most of the existing preschool facilities 
need reconstruction in terms of constructional, functional and energy efficiency improvement [14]. Renewal model is 
certainly applicable to all studied construction systems, and enables estimation of actual conditions, as well as 
estimation of planned activities and renewal results.
In order to eliminate needless energy losses, the following actions are to be taken:
x Replacing worn out joinery with up-to-date one which has better thermo-insulating strength (for example, joinery 
with glass with thermo-optical properties); therefore, allowing sufficient amount of light for the full and normal 
development of children; 
x Improving thermal insulation strength of the jacket eliminates large energy losses, which especially refers to 
complex facility organization, which is a result of regular grouping of facilities needed for the curriculum;
x Installation of heat reflecting barriers; and 
x Installation of radiator temperature regulators [6].
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Kindergartens  in  Serbia  were  designed  according  to  old building thermal insulation regulations which 
allowed  heat transmission coefficient of k(U)=0,9W/m²K. New standards, designed to save energy and costs of 
heating and cooling, and provide greater comfort during the usage of certain rooms, propose the transmission 
coefficient of k(U)=0,25-0,35W/m²K. The most efficient way to achieve this coefficient through revitalization of old 
buildings is revitalization of the façades. Adding or increasing the thickness of thermo insulation layer always has a 
positive effect on energy efficiency. Kindergarten buildings usually have dominant horizontal dimensions which 
provide a lot of space for placing solar energy systems with supporting installations on the roof of the building [16]. 
Installation of solar and photovoltaic panels that use the energy from the Sun reduces energy consumption from the 
exterior network [17].
9. Greening
The issue of environmental survival and increased energy cost (energy sources) has motivated the development of 
energy-efficiency policy in many countries. Serbia needs to follow good green building examples, and firstly develop 
and implement funding programs in order to improve environmental protection. There are numerous green and 
sustainable measures, techniques and devices that can be applied to the existing built stock in order to protect the 
environment and resources, and revive preschool environment. Improvements to the environment can be achieved 
through an integrated approach in several different areas. The aim is to link environmental protection with economic 
and social goals, such as creation of sustainable jobs and application-orientated development of green technologies. 
The following part of the research contains a review of green roof as a global trend of controlling building indoor 
climate and energy consumption, as well as the analysis of revitalized preschool buildings which have numerous 
benefits from the application of green architecture principles. 
In addition to the use of natural materials and renewable energy, implementation of energy efficient heating, 
cooling and ventilation systems, etc. in terms of creating healthier, more comfortable and efficient ecological 
environment, the use of vegetation and trees in the form of vegetative roofs and façades are also beneficial. The 
above stated represents a distinctive feature of “green” architecture building. This manner of improving the quality of 
the environment has certainly been identified as a principle of revitalizing facilities. Good examples of 
environmental, energy efficient buildings around the world are results of the processes of revitalization of existing 
pre-school facility stock and can serve as role-models for further design-architectural activity. 
Intensive green roofs are mostly provided by choice and serve as accessible green spaces with special functions, 
such as recreation, education or cultivation. Low price requirements and promotion of low capacity roofs have led 
towards the development of extensive small-thickness vegetative roofs which have specific composition and are 
cheap for installing and maintaining.
Fig. 3. Simple green roof, high quality of extensive greening, greening of slope surfaces
http://www.optigreen.rs/pdf/PU_Serbien_20130211_FINAL.pdf
Governments all over the world recognize the benefits of green roofs and use them to make a positive effect on 
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the ecology of large polluted cities. Technology of greening roofs is exponentially expanding. 
The benefits of green roofs can be divided into primary benefits and benefits of public importance.
The primary benefits are:
x Energy conservation- during summer vegetation, green roof protects the building from sun radiation. Evaporation 
process can reduce, if not eliminate, heating. During winter, sunlight, which creates an additional layer of 
vegetation, reduces the amount of energy needed to heat buildings.
x Protecting the roof membrane and extending its durability - green roofs protect the roof membrane from large 
temperature changes, negative impact of UV radiation and damage which is caused by occasional human 
movement on the roof. 
x Sound insulation- due to their structure, green roofs isolate noise. Vegetation blocks the lower layer and the plants 
block higher frequencies of sound.
x Fire protection- it has been shown that green roofs reduce fire spreading, especially in case of saturated layer of 
vegetation.
x Additional benefits- kindergartens can improve the curriculum construction of green roofs and the formation of 
the open classroom. 
The benefits of public importance are:
x The effect of urban heat island- decorated roof surface as an alternative to parks and other green spaces, by toning 
down the "urban heat island effect" through the process of evaporation of moisture and dry air.
x Water retention- green roofs are important elements of local flood prevention.
x Reducing air pollution- air particles are retained on the surface of the leaves, followed by precipitation absorbed 
by vegetation layer.
x Creation of habitats- green roofs can represent an alternative habitat for certain species of [18].
Basic environmental and energy advantages of implementing vegetation façades in the processes of building 
revitalization are:
x Production of oxygen and improving microclimate; 
x Collecting dust particles and reducing vertical air flow, which directly enhances the climate in the cities; 
x Temperature and humidity. Fumes occurring from leaf decomposition eliminate heat from the environment and 
increase air humidity. The larger the size of leaves, the more intense the process. On the other hand, vegetation 
helps reduce humidity where necessary, due to the fact that leaves absorb water in every physical state, especially 
water drops that fall to the ground;
x Natural shield against wind and rain. Closed, uniform vegetation on the façade significantly reduces the cooling 
effect produced by the wind because it acts as 'wind breaker'. In addition, vegetation protects against heavy rain 
and prevents runoff mortar, thereby significantly reducing wall erosion; 
x Thermal insulation ('coat effect'). Green area in front of the façade represents an important thermal insulation. Air 
cushion which is formed between walls and leaves decreases the coefficient of heat conduction through the wall, 
because the foliage acts as an additional thermal insulation layer. Green lining of the façade has a cooling effect 
in summer. In winter, due to the increased thermal insulation, heat retention has a favorable effect on indoor 
environment climate. 
x Sound insulation - noise protection. Leaves have the natural ability to reflect and absorb sound. Leaves behave as 
noise suppressors; by absorbing sound, they reduce one part of the acoustic energy of environment noise. 
Efficiency of green façade noise protection depends on the type of the plant, leaf size and season.
Building reconstruction process may have various areas. This depends on the status of the buildings and the 
amount of financial resources which are available for reconstruction. The presence of extensive financial resources 
gives possibilities to achieve total makeover of a building, including new green roof and/or façades. The problem of 
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reconstruction needs to be observed by priorities. The most significant priority of all must always be the well-being 
of children as occupants and improvement of accommodation conditions of pre-school facilities, and then
preservation of existing buildings. The main tasks are complete building revitalization and environmental quality 
improvement, which come as the result of improved characteristics of façade and roof layer. Greening of roofs and 
walls with vegetation has been carried out in a number of kindergartens around the world. Therefore, these measures 
can be used as models for reconstructing preschool facilities in Serbia (Figure 2.4-2.5).
                                                                                 
Fig. 4. Kindergarten “Bambi”, Nis, Serbia and Figure 2.5. Kindergarten “Cvrcak”, Nis, Serbia and possibility of greening; possibility of 
greening
10. Conclusions
The global problem of energy crisis should raise awareness of reduced conventional energy sources and focus our 
attention on the imperative of energy efficiency in all areas. Building sector plays an important role in total energy 
consumption. In order to activate this potential for energy savings and reducing CO2 emissions, building energy 
efficiency has to be improved as soon as possible. Buildings are responsible for almost half (48%) of all greenhouse 
gas emissions annually. Seventy-six percent of all electricity, generated by power plants, goes to building sector. 
Additionally, due to poor indoor environmental quality, buildings often cause health problems.  
Knowledge, materials, and systems are present and readily available for making a positive impact on the 
environment and on the quality of life of building occupants- children in preschool facilities. This chapter offers 
methodological recommendations concerning the principles of energy efficiency, greening and improving 
environmental quality for possible implementation in reconstruction of the existing buildings, especially preschool 
facilities. 
The reasons for high energy consumption in preschool facilities in Serbia are numerous. The most important 
among them are: 
x Awareness that energy is a valuable resource that should be spent rationally; 
x Low price does not motivate others to consume less; 
x Large number of casualties in transportation through heating systems, i.e. through dilapidated and inadequately 
isolated tubes; factor of heat loss through the windows; 
x A lot of heat failure- inadequate external thermal insulation; 
x Lack of radiator vents which control consumption in accordance with the temperature; 
x Inadequate electrical devices that consume more electricity; 
x Devastated green areas in the surroundings and absence of vegetation that regulates microclimate of the building. 
Nowadays, there are different intervention methods for preserving and treating the existing building fund. These 
methods are based on previous researches and collected information about physical structure and state of the building 
which is built on a certain location and is characterized by specific microclimate. Some of the examples are 
universally applicable, regardless of the local conditions and characteristics. Acceptance of the strategy and 
principles of green construction can increase economic and environmental performances of the buildings. “Green” 
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construction methods can be incorporated into buildings at any stage of construction, from the stages of design and 
construction, to reconstruction and destruction. Methodology of activities for energy revitalization of buildings of 
this type involves identification and clear definition of primary and secondary causes of unnecessary energy losses, 
planning future activities and steps that will lead to the elimination of the leading problems. 
Having in mind the above stated, one can make a conclusion that the use of highly efficient energy systems of 
cooling, heating, ventilating and lighting, increase of thermal insulation of buildings envelop, different type of 
greening building, changes in human behavior habits, etc. may have a significant impact, not only on improving 
energy efficiency in structures, but also on lowering the costs and reducing negative effects on the environment. 
Moreover, another way to reduce building energy consumption and enhance the quality of internal and external 
preschool environment is applying bioclimatic principles in architectural design/redesign, as well as using renewable 
energy sources, with special emphasis on solar energy. 
Incorporation of energy conservation products or materials into a facility will generally increase the cost of 
construction, but the resulting energy savings will offset some or all of the larger construction costs. Depending on 
energy payback period, energy savings can be up to a 100 percent profit for a preschool district. During the 
facility/renovation design of kindergartens and development process, projects must have a comprehensive, integrated 
perspective.
The main goals to be achieved by revitalization measures application on preschool objects are:
x Firstly, providing comfortable and high-quality dwelling conditions for children and staff in preschool buildings, 
as well as providing conditions and environment which would meet the requirements for improving children’s 
progress,  
x Creating ecological and high-quality outdoor and indoor surrounding,
x Preserving non-renewable sources of energy, by introducing and applying renewable resources,
x Immediate environment protection. 
The key to successful preschool building revitalization project is achieved not only in accomplishing the main 
goals of sustainability and green ecological architecture, but also in preserving the identity and spirit of such 
institution, by providing comfortable and supporting dwelling conditions which will satisfy the complexity of 
children developing needs. Each step which is not applied in accordance with the plan to save more energy can 
become the cause of unsafe and unhealthy dwelling of the children. Therefore, these types of projects must be 
precisely and strategically planned and done, bearing in mind that children in sensitive phase of development are the 
main users of these objects.
The whole benefit of the revitalization project has been considered on three levels of sustainable development: 
social, economic and ecological. When selecting the method of construction of building or revitalization, and 
choosing architecture technologies, materials and elements, energy devices, installations and systems, optimal 
energy, economical and ecological requirements should be fulfilled. Energy studies, as well as energy recording of 
the buildings, show that such directions optimally increase energy efficiency.   
The main tendency of the research is to emphasize architecture revitalization praxis, based on thoroughly 
developed and economically justified projects, as one of the ecological and energy “instruments” which provide and 
preserve life on the planet..
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